The liver and kidney are imperative intentions for the toxicity of drugs, xenobiotics, thymoquinone (TQ) against mercuric chloride (HgCl 2 ) induced hepatorenal toxicity in rats. HgCl 2 at a dose of 0.02 mg/kg b w injected subcutaneously for 30 days, induced hepatotoxicity which confirmed in this study by increased activity (P ≤0.05) of liver function enzymes; CPK, whereas, serum total protein content and Na + -K + -ATPase activity were decreased significantly. Herein, HgCl 2 induced also nephrotoxicity; as it induced noticeable signs of renal dysfunctions such as elevated levels (P < 0.05) of serum creatinine, blood urea nitrogen (BUN), uric acid as well as urine N-acetyl glucosaminidase (NAG) activity and total protein content. On the other hand there was a decline in the levels of urinary uric acid; creatinine and creatinine clearance. HgCl 2 induced also oxidative stress in both liver and kidney tissues where reduced glutathione (GSH) content, superoxide dismutase (SOD) and catalase (CAT) activities decreased significantly; increased significantly. Additionally, TGF-β %, CD4% and CD8 % increased significantly in both liver and kidney tissues. In conclusion: Treatment of TQ concomitantly with HgCl 2 ameliorates effectively the significant changes of all the tested parameters.
INTRODUCTION
Mercury (Hg) is a highly toxic metal that results in a variety of adverse neurological, renal, respiratory, immunological, dermatological, reproductive and developmental disorders (Risher and Amler, 2005) . Its wide industry uses has related effects on human and animal biosystems have been well documented (WHO, 1991) . Exposure to this biologically active chemical agent has been shown to be aggravated through contaminated water and food (Magos and Clarkson, 2006) . Ghosh and Sil, (2008) stated that gastrointestinal tract, kidney and liver are targeted mainly by HgCl 2 form. In this respect, the biological toxicity of HgCl 2 has been explained by tracing the fate of various Hg forms in biological systems Gutierrez et al. (2006) .
Initially, plasma ALT, AST, ALP activities were used to measure hepatotoxicity induced by HgCl 2 -treatment in addition to SOD, CAT activities and GSH content of hepatic tissue (Bashandy and Al Wasel, 2011) . Nephrotoxicity induced by HgCl 2 treatment was confirmed by measuring creatinine, BUN, creatinine clearance, urea, uric acid concentrations in plasma (Mahmoud et al., 2014) ).
Thymoquinone (the main compound of the essential oil of Nigella sativa) is 2-methyl-5-isopropyl-1,4-benzoquinone. TQ has an antioxidant effect as LPO in liposomes (Houghton et al., 1995) . TQ has potential scavenging power singlet oxygen molecules. The latter one is more common in plants. It is also a potential redundant of NO, LPO, MDA, myeloperoxidase (MPO) formations. In addition, TQ stimulates the molecular antioxidant systems such as GSH, GST, glutathione peroxidase (GPx), SOD and CAT (Darakhshan et al., 2015) .
TQ was found to increase mRNAs levels of some antioxidant enzymes such as GST (El-Sayed, 2011) reported that. Essawy et al. (2012) stated that N. sativa, where TQ is the main constituent, administration, significantly ameliorated alanine amino transferase and alkaline phosphatase disturbed by carbon tetra-chloride toxicity in rat. However, the hepato-protective activity of TQ observed in animal system is found to link with its antioxidant capacity and its up-regulation effects on GSH, GST, GPx, (Darakhshan, 2015) . Cytoprotective effect of TQ against CCl 4 -induced hepatic damage was communicate to be attributed to the antioxidant effects of thymoquinone (Hassanein et al., 2016) , they suggested that the protection was related to the ability of TQ to inhibit LPO.
The biochemical results obtained by Mahmoud et al. (2014) showed that GM-induced nephrotoxicity was associated with significant increases in blood urea, creatinine and serum TNF-α in rats and added that TQ attenuates such parameters of renal oxidative stress, inflammation and apoptosis.
Furthermore, Ragheb et al. (2009) concluded that TQ has protective effects on oxidative stress and nephropathy induced by doxorubicin (DOX) in rats. Yaman and Balikci (2010) also, confirmed the potency of N sativa to scavenge the free radicals induced by GM treatment and protect kidney against both biochemical and histological damages.
A study to see the protective effect of TQ against drug induced nephrotoxicity in rats was done by Chansoria et al. (2013) . They found that TQ reduced the serum urea, creatinine and K + levels in drug induced renal toxicity and suggested that the nephroprotective effect of TQ was found to be significant.
The present study suggested that TQ can counteract exposure in liver and kidney tissues of rats and hence alleviating the altered biochemical features and ameliorating cellular damage. Therefore, the experiment was designed to reveal the potential beneficial effect of TQ against the hepatic toxicity which is accompanied with renal disorder due to HgCl 2 exposure.
USA. Kits of GSH, MDA, CAT, SOD, NO, NOS, creatinine, urea, uric acid and CPK were purchased from Bio-Diagnostic Company, Giza, Egypt. The rest of the chemicals utilized were of analytical grade and were obtained from El-Gomhorea Company, Mansoura, Egypt. TGF-β, CD 4 % and CD 8 % were estimated using flow cytometry technique.
Materials Animals
Twenty four adult male rats (Rattus rattus), weighing 100-120 gram, VACSERA center at Helwan city, Helwan, Egypt. Rats were fed on commercial chow and they had free access to water all the experimentation period. Randomly, rats were grouped in huge about 25 ± 2°C on a 12:12 h light/dark cycle. They are regrouped after a week of acclimatization as follow: Control group: Rats received no treatment, TQ group: Rats received daily dose of 10 mg/Kg b w (intraperitoneal route) for 30 days (as reported by Apaydın et al., 2016) , HgCl 2 group: Rats injected with daily dose of 0.02 mg HgCl 2 /Kg b. wt. (subcutaneously) for 30 consecutive days (as reported by Fouda et al., 2008) and TQ & HgCl 2 group: Rats received both TQ as in group 2 and HgCl 2 as in group 3. Urine, Blood collection and serum preparation 24h urine samples were collected for each rat, filtered. At the end of the experiment, the animals were fasted overnight, after which they were anaesthetized and sacrificed to obtain blood samples. Blood samples were collected in centrifuge tubes, allowed to stand for 30 min at room temperature to clot, and then centrifuged for 10 minutes at 3000 rpm to separate the sera. The blood was obtained from all animals by cutting the lateral jugular veins with sharp razor. Urine and sera samples were kept at -20ᵒC for the estimation of various biochemical parameters later on.
Liver and kidney tissue homogenates preparation
Sacrificed rats were immediately dissected, their livers and kidneys were excised, washed by cold normal for each. A volume of the homogenate was used for GSH estimation was collected and stored at -20 0 C for subsequent biochemical analyses.
Statistical analyses
All statistical analyses such as mean (M), standard error (SE) and least significant difference (LSD) between groups were calculated using the software SPSS version 16. The values at p≤0.05. Table 1 showed that, the mean value of serum ALT, AST, ALP and CPK as well as tissue LDH activities were statistically increased in rats injected with HgCl 2 ; whereas TP content and Na + -K + -ATPase activity decreased with both control and TQ. Treatment of HgCl 2 simultaneously with TQ decreased significantly serum ALT, AST, ALP and CPK activities when compared with HgCl 2 group; whereas TP content and Na + -K + -ATPase activity were significantly increased (no significant changes were seen with respect to control group). Treatment of rats with TQ only has no significant effects on all tested parameters when compared with the control rats. Results in table 2 showed that, the mean value of liver superoxide dismutase and glutathione reduced content were significantly reduced in rats injected with HgCl 2 when compared with both control and TQ groups; whereas MDA, NO contents and NOS activity were significantly increased. Treatment of HgCl 2 simultaneously with TQ increased significantly liver SOD and CAT activities when compared with HgCl 2 group; whereas MDA, NO contents and NOS activity were significantly decreased (no significant changes were seen with respect to control group). Treatment of rats with TQ only has no significant effects on liver SOD, CAT, NOS activities as well as MDA, GSH and NO contents. Results in table 4 showed that, the mean value of serum creatinine, urea, uric acid and BUN contents as well as urine TP and urine NAG activity were significantly increased in rats injected with HgCl 2 when compared with both control and TQ groups; whereas creatinine clearance, urine urea and urine uric acid contents as well as tissue Na simultaneously with TQ decreased significantly as well as urine TP and urine NAG activity when compared with HgCl 2 group; whereas creatinine clearance, urine urea and urine uric acid contents as well as tissue Na + -K + -ATPase, LDH and ALP were significantly increased and many of them have restored normal levels but the others did not. Treatment of rats with TQ has no significant effects on all tested parameters. Results in table 5 showed that, the mean value of kidney SOD and CAT activities as well as GSH content were decreased significantly in rats injected with HgCl 2 whereas, MDA, NO contents and NOS activity were significantly increased when compared with both control and TQ. Treatment of HgCl 2 simultaneously with TQ increased significantly kidney SOD and CAT activities when compared with HgCl 2 group; whereas MDA, NO contents and NOS activity were significantly decreased. Treatment of control rats with TQ has no significant effects on kidney SOD, CAT and NOS activities as well as MDA, GSH and NO contents in comparison with the normal control values. Results in table 6 showed that, the mean percentage of kidney TGF-β, CD4 and CD8 significantly increased in rats injected with HgCl 2 comparing to both control and TQ groups. Treatment of HgCl 2 simultaneously with TQ increased significantly kidney TGF-β, CD4 and CD8 percent when compared with HgCl 2 group. Rats treated with TQ showed insignificant changes in kidney TGF-β, CD4 and CD8 percent. 
RESULTS

DISCUSSION
In the present research, TQ was investigated as a protective agent against HgCl 2 -induced hepatorenal toxicity in male rats. This toxicity was evidenced by the alteration in liver marker enzymes; which confirmed in this study by increased activity of serum AST, ALT, ALP and LDH enzymes, which are considered as good markers to circulation. The obtained results go parallel with the other findings reported by several authors (Rajesh and Latha, 2004; Bashandy and Al Wasel, 2011) . Ravikumar et al. (2005) suggested that, rise in liver homogenate ALT activity is always due to damage of hepatocytes and is usually incorporated with rise in AST and ALP activities. They added that, ALT and AST are cytoplasmic aminotransferases that release extracellularly into the circulation upon hepatocytes damage. They are commonly used as biomarkers for measuring hepatocellular injury in both experimental and clinical investigations (Goorden et al., 2013) and reflects the hepatocellular damage. TQ alleviated increased levels of serum enzymes activity and caused subsequent recovery toward normal levels, indicating plasma membrane stabilization as well as hepatic tissues repair. The present results are in accordance with some previous studies (Ravishah et al., 2012) . Treatment of HgCl 2 concomitant with TQ ameliorated serum ALT, AST, ALP and CPK activities when compared with their levels in HgCl 2 -intoxicated animals; whereas TP content and Na + -K + -ATPase activities were significantly increased reaching them to the normal control levels. These results confirm the ameliorative effect of TQ and are compatible with the previous results (Darakhshan et al., 2015) . In addition, the study demonstrated that HgCl 2 exposure resulted in a highly significant depletion in hepatic and renal GSH level, SOD and CAT activities. In contrast to significant increase in MDA (lipid peroxidation index) NO and NOS levels. Truly, Hg 2+ form has proven a tremendous containing -SH residue and is found to attach to small molecular weight peptides along with GSH, amino acids together with cysteine and SH-containing proteins (Perottoni et al., 2004b) ; leading to a profound deterioration of the important metabolic procedures. Hg-brought on pathological components (Wiggers et al., 2008) .
As an antioxidant; glutathione by carrying or reacting with mercury, GSH forms glutathione-mercury complex that save cellular proteins from binding to mercury and preventing it from causing damage to both enzymes and tissues (Kromidas et al., 1990) and decreases significantly the intracellular damage by preventing mercury from entering cells or tissues.
Co-administration of TQ increased significantly liver and kidney SOD and CAT activities when compared with HgCl 2 group; whereas MDA, NO contents and NOS activity were significantly decreased. This ameliorating effect of TQ may be due to it has potential scavenging power ROS, It is also a potential redundant of NO and TBARS formations. In addition, TQ stimulates the molecular antioxidant systems such as GSH content, SOD and CAT enzymes (Darakhshan et al., 2015) . Furthermore, the antioxidant effect of TQ, inhibit non-enzymatic lipid peroxidation in liposomes (Houghton et al., 1995) . This antioxidant property of TQ explains its protective action against hepatotoxicity (Nagi et al., 1999) . The findings of the present study go in parallel with the study of Essawy et al. (2012) and Umar et al. (2012) . However, the hepato-protective activity of TQ observed in the animal system of the present study is found to link with its antioxidant capacity and its down-regulation effects on ALP, ALT and AST (Darakhshan, 2015) .
In the present study, regarding renal function markers, the mean value of serum blood urea nitrogen contents well as urine TP and urine NAG activity were significantly increased in rats injected with HgCl 2 ; whereas creatinine clearance, urinary urea and uric acid contents as well as tissue Na + -K + -ATPase, LDH and ALP activities were significantly decreased. Treatment of HgCl 2 simultaneously with TQ decreased significantly serum creatinine, urea, uric acid and BUN contents as well as urine TP and urine NAG activity; whereas creatinine clearance, urinary urea and uric acid contents as well as tissue Na + -K + -ATPase, LDH and ALP activities were significantly increased when compared with HgCl 2 intoxicated group. The present conclusion has been confirmed earlier results obtained by Badary et al. (1997) who stated that TQ alleviates the nephrotoxicity induced by cisplatin and enhances its antitumor activity. The authors related this protective action of TQ to its antioxidant property. The present findings, are comparable with early findings of El Daly (1998), AbulNasr et al. (2001) and Budancamanak et al. (2006) who investigated the protective effects of TQ on the renal injury in collagen-induced arthritis and concluded that TQ treatment was able to reduce significantly blood urea, serum NO and creatinine. TQ was significantly seen to lower blood urea, serum creatinine, triglycerides and total cholesterol (Sayed-Ahmed and Nagi, 2007 and Ragheb et al., 2009) . They suggested that the nephroprotective activity of N. sativa acts in the kidney as a potent scavenger of free radicals that prevent the toxic effects and alteration of the biochemical parameters. Similarly, Yaman and Balikci (2010) , Yildiz et al. (2010) , Hadjzadeh et al. (2012) , Saleem et al. (2012) and Chansoria et al. (2013) have got the same results and conclusions.
Concerning the immune system, the main function of CD4 cells is the regulation of immune responses by recognizing the presence of antigens and toxins. The activated CD4 lymphocytes produce then, cytokines which increase the effectiveness of CD8 lymphocytes (Hidayati and Habib, 2015) . The authors also, reported that N. sativa oil has an antiimmuonotoxic effect. In the present study, the percentages of CD4+ and CD8+ cells as well as TGF-β of both liver and kidney were increased significantly in HgCl 2 group in comparison with control group while, they decreased in HgCl 2 concomitantly treated with TQ rats comparing with HgCl 2 . The elevated CD4+ and CD8+ percentage may be relate to the abnormal immune status due to HgCl 2 toxicity. Our finding go parallel with that of Xiaojing Hu et al. (2009) and Kiely et al. (1996) who registered significant increases in both CD4 and CD8 in brown Norway rats as a result of induction of T-cell autoimmune syndrome due to HgCl 2 treatment. Their data provide an evidence that CD8 act in proinflammatory capacity this may be due to increased percentage of TGF-β which may increase the release of collagen.
In Conclusion:
The results of the present study obtained, herein, demonstrated a clear hepatorenalprotective action by thymoquinone in this experimental model against HgCl 2 -induced hepatorenal toxicity. The overall hepatorenal-protective effect of TQ is probably due to a counteracting of free radicals due to its antioxidant potential and its scavenging capacity of free radicals as well as enhancing antioxidant and upregulation of immune system. Thus, this study suggests co-treatment of TQ along with HgCl 2 -intoxication will definitely be helpful to solve the problem associated with hepatorenal-toxicity. 
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